The propagation of shear waves differs between geo-media due to layer's structure and irregularity present in different layers. This paper studies the propagation of shear waves in a monoclinic layer with irregularity lying between two isotropic semiinfinite elastic medium. The displacement in the monoclinic layer is obtained by using perturbation technique. Then the dispersion relation is found in the assumed medium and is verified with the standard known results. Finally, effects of wave number and irregularity are studied numerically and the graphs are plotted for all cases. The dispersion curves for different size of irregularity are calculated and compared.
valuable materials, e.g., Lithium tantalate, Lithium niobate etc., which exhibits monoclinic symmetry are buried beneath the earth surface. These materials can be modeled as monoclinic materials. Xue (2000) studied the dielectric properties of Lithium tantalate and Lithium niobate. It is well known in the literature that the earth medium is not at all isotropic and homogeneous throughout, but it is anisotropic and inhomogeneous. Moreover, the discontinuities separating the different layers of the earth are not perfectly plane. Keeping these things in mind, we have considered the propagation of SH waves in a layered monoclinic medium lying between two elastic half-spaces. The irregularity has been taken in the monoclinic layer in the form of a rectangle. To solve the problem we have used the perturbation technique as indicated by Eringen and Samuels (1959) . It is shown that the phase velocity of Love waves depends not only on the wave number and depth of the irregularity but layer structure also. 
Formulation of the problem
We choose the y -axis vertically downwards and z -axis along the interface between the lower semi-infinite medium and the monoclinic layer (Figure 1) . We assume the irregularity in the form of a rectangle with length s and depth H / . The origin is placed at the middle point of the interface irregularity. H is the thickness of the layer. Source of the disturbance is placed on positive yaxis at a distance ( ) (r = 1, 2, 3) as the rigidities, densities and displacements components of the upper medium, monoclinic layer and lower media respectively.
Equations of motion and boundary conditions
For waves propagating in the z-direction and causing displacement in the x-direction only, we assume that
The equation of motion in the intermediate monoclinic layer is 2  2  2  2  56  55  2  2  2  2  2  2  2  2  66 66 2
where 55 56 66 , , C C C are elastic coefficients for monoclinic crystalline medium under the given geometry.
Similarly the equations of motion for upper and lower semi-infinite mediums are 2  2  2  1  1  1  2  2  2  2  1   1 ,
where
The boundary conditions are as follows:
(4d)
Solution of the problem
Let us consider the time-dependent displacements ( , , ) 
Taking the Fourier transform
(A1]) of Eqs. (5), (6), and (7), we obtain the reduced system of equations as 
where the second term in the integrand of 3 U is introduced due to the source in the lower medium (Sezawa, 1935) . We use the perturbation method given by Eringen and Samuels (1959) , to set the following approximations due to small value of ε
Since the boundary is not uniform the terms A, B, C, and D in Eq. (17) are also functions of ε . Expanding these terms in ascending powers of ε and keeping in view that ε is small and so retaining the terms up to the first order of ε , A, B, C, and D can be approximated as in Eq. (17). In physical situations, when the depth H / of the irregular boundary is too small with respect to the length of the boundary s, the above assumptions are justified.
Defining the Fourier transform ( )
and so,
Using boundary conditions (4a) to (4d) along with Eqs. (14) to (17), we obtain the following eight equations (after equating the coefficient of ε and the absolute term): 
Now from Eqs. (1) and (18), we have
Using Eqs. (A4) and (A5) defined in Appendix-A, we get
. Using asymptotic formula of Willis (1948) , Tranter (1966) and neglecting the terms containing 2/s and higher powers of 2/s for large s, we have
Using Eqs. (29) and (30), we obtain
Therefore the displacement in the monoclinic layer is 
The value of this integral will depend entirely on the contribution of the poles of the integrand. The poles are located at the roots of equation
( 3 2 )
This equation was examined in the study of shear waves (cf. Achenbach, 1976, p -293) .
Dispersion relation
If c is the common wave velocity of the wave propagating along the surface, then writing ck ω = tan 2 
Equation (35) c β β β < < ≤ , which is also the necessary condition for Love type waves to exist.
Numerical calculations and discussions
From Eq. (31) we find the displacement in the intermediate monoclinic layer. Both the Eqs. (33) and (34) give the resulting dispersion relation for three-layer problem under two different conditions. For graphical representation of phase velocity in a monoclinic layer between two isotropic media, we take the following data: (i) The density and rigidity for upper isotropic homogeneous medium are (Gubbins, 1990) (ii) The material constants for Lithium tantalate which exhibit monoclinic symmetry are (Tiersten, 1969) (iii) The density and rigidity for lower isotropic homogeneous medium are (Gubbins, 1990) For graphical representation of phase velocity in a layered isotropic medium lying between two isotropic half-space, we have considered the following data: (i) Upper isotropic homogeneous medium (Gubbins, 1990) (Gubbins, 1990) 
Conclusions
Propagation of shear waves in a monoclinic layer with irregular boundary sandwiched between two semi-infinite isotropic half spaces has been studied. The Eringen's perturbation method is applied to find the displacement field in the layer. The result obtained is used to get the dispersion relation in an irregular monoclinic layer. The dispersion relation for the isotropic layer with and without irregularity, between semi-infinite isotropic half spaces has been derived as a special case of the present problem. The effect of dimensionless wave number on dispersion curve is found numerically and shown graphically for both the monoclinic and for isotropic layer. Variation of phase velocity for different ratio of irregularity depth to layer width is studied and shown graphically. From above discussion we conclude that:
1. In general the phase velocity of Shear waves in a monoclinic or isotropic layer with irregularity, between semi-infinite isotropic half spaces decreases with increase in wave number. 2. Impact of ratio of irregularity depth to layer width is different for monoclinic and isotropic layer. 3. Phase velocity is a function of wave number as well as layer width and depth of irregularity. 4. Increase in depth of the irregularity decrease the magnitude of phase velocity. Thus it can be concluded that the phase velocity in a layer with irregularity between two half spaces is affected by not only the shape of irregularity but also by wave number, the ratio of the depth of the irregularity to layer width and layer structure. .   2  2  2  2  2  2  2  2  2  56  55  1  3  2  2  2  1  6 6  2  6 6  3 , 2 , , 1  2  2  2  2  2  2  2  55  56  2  2  2  2  6 6  6 6 4 
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